Abstract
Background: Roadside pedestrian injuries represent a significant portion of trauma team activations, especially at urban trauma centers. Patient demographics and severity of injury vary greatly in this patient population. Herein, we hypothesize that injury patterns may be predictable, especially with respect to age. Materials & Methods: All patients with roadside pedestrian injuries evaluated at our urban, level one trauma center from January 2006 through December 2008 were retrospectively reviewed. Data was collected from the institutional trauma registry. Age was used as an independent variable and compared to injury type, substance abuse, discharge setting, and mortality.
Results: There were 226 roadside pedestrian injuries during the study period. Patients were divided into groups according to age, <20 years, 21-40, 41-65, and >65 years. Head injuries were more prevalent in patients over age sixty-five, 30.4% vs. 14.0% (p=0.05).
There was a trend for increasing alcohol use in the younger population. The likelihood of discharge to a rehab facility increased with age, 0%, 11.8%, 38.2%, 50.0% respectively (p<0.001). Mortality was significantly higher in patients older than 65 years, 15.2% vs.
3.3% (p=0.049).
Conclusions: Roadside pedestrian injuries have predictable injury patterns based on age.
Older patients are more likely to have a head injury, longer length of stay, need for a rehab stay, and have a higher mortality. Further studies are needed to correlate precise injuries with collision mechanism and evaluate specific risk factors in this high risk population.
Introduction:
Roadside pedestrian injuries contribute significantly to trauma center activity, especially in urban areas. In 2008 alone, over 69,000 pedestrian injuries occurred in the United
States as a result of traffic crashes. 1 Although its incidence is higher in the pediatric population, adult trauma patients also find this to be a common mechanism of injury.
Injuries tend to vary greatly between individual patients, mainly based on the widely variable mechanics of impact, both with the moving vehicle and/or with the ground. Comorbidities also contribute negatively to overall functional recovery, morbidity and mortality. Patient demographics such as age and substance abuse have been linked to survival in previous studies. [2] [3] The purpose of this study is to evaluate multiple patient characteristics such as age and alcohol use, and determine how they relate to injury patterns and ultimate disposition upon hospital discharge.
Methods:
This study was designed as a contemporary, retrospective evaluation of our prospectively populated institutional trauma registry. This study was conducted with the approval of 
Results
During the study period, our trauma center treated 3718 trauma contacts; 50% of which were transfers from other institutions for a higher level of care. 226 pedestrian patients were evaluated and treated at our institution after being struck by a motor vehicle. 120 patients were male (53%). Injury occurrence (Figure 1 ) was more prevalent in men between the ages of 21 and 65 and in women over age 66. (p= 0.004). Men under age 20
were also more likely to be injured than women of the same age.
Of the 226 overall patients, 115 actually sustained injuries. Of these, 49 (42%) had injuries to multiple systems including: head, extremities, pelvis, thorax, abdomen, and There were only 13 mortalities in 226 patients. Injured pedestrians between the ages of 21 and 65 were more likely to survive while most deaths ( Figure 6 ) occurred among those who were 66 years and older (p = 0.049). 5 of the 7 (71%) patients who died in the >65 years old age group were associated with head injuries. There were 4 patients who died in this age group with multiple injured systems.
Injured pedestrians between the ages of 21 and 65 were more likely to be discharged to home. The need for rehabilitation placement (Figure 7) including skilled nursing or subacute rehabilitation increased with age (p < 0.001).
Of those patients who presented intoxicated by alcohol, 54% where in age group two (21-40 years) whereas only 5.5% were older than 65 (age group 4), (p=0.07).
Discussion
Pedestrians struck by automobiles in urban areas suffer a wide range of injuries accounting for a large number of hospital admissions. Patient demographics such as age and sex play an important role in the anatomic distribution of injuries as well hospital length of stay, disposition, and overall survival. [4] [5] Our findings suggest that patients older than age 65 are at increased risk of injury compared to younger patients.
Demetriades et al. found that the anatomic distribution of injuries was related to age. 2 This suggests that although elderly patients may physiologically be frailer, their ability to react to an impact and protect vital structures such as the head may also be hindered.
Overall, head injuries are common in pedestrian roadside injuries. 6 In our study, head injuries were more prevalent in older patients as compared to younger patients. Younger patients had a higher rate of extremity injuries, potentially because they use their extremities to protect their head and torso.
Beyond the higher incidence of injury, elderly patients in our study also had longer lengths of stay, both in the intensive care unit and during the overall hospitalization. This is certainly related to their higher incidence of injury and need for further care. Kong et al. reported similar findings of increased length of stay. 7 Similarly, they also found that the elderly pedestrians tended to be female. Further studies on this demographic are needed to explain why females are more commonly struck and injured by motor vehicles.
Are elderly women more likely to be active and ambulating on a roadside? Posner et al.
found that the amount of exposure to traffic was directly related to the risk of being struck in pediatric patients. 3 Urban roadside injuries are most prevalent in the pediatric population, however their overall incidence of injury is much lower and adults tend to fair worse. 6 In fact, mortality in our study was highest in the age > 65 group. Sklar et al. reviewed over a thousand roadside pedestrian injuries and also found that elderly pedestrians struck by motor vehicles die at higher rates because they succumb to their injuries more frequently during their hospitalization than younger patients. 8 These authors allude to the fact that this may be due to a greater susceptibility of the elderly to metabolic, surgical, and infectious complications after admission to the hospital.
We found a trend for increasing alcohol use in younger patients. Alcohol use has been found to be present in up to 30% of all pedestrian victims. 9 Alcohol use is associated with higher injury severity scores and a greater length of stay. [9] [10] Alcohol may also decrease the protective nature of age and head injuries, as the ability of the young to protect their torsos with their extremities, in the event of a collision, may be decreased.
This relationship was not demonstrated statistically in our study but should be evaluated in future studies.
Epidemiological studies may allow for further understanding of risk factors involved in roadside pedestrian injuries. 7 Conditions surrounding the accident such as time of day and weather conditions, may also contribute to injury patterns and outcomes. Urban populations can vary by locale and this may make findings in one study differ from studies performed in other cities. In center-city Philadelphia, there is a large business population by day, theatre and restaurant population in the evening, and a local residential population present throughout the day. In some way, this makes our trauma center's population unique. Studies performed in Baltimore and Washington DC reported that pedestrians were usually at fault, but turning vehicles had the highest at fault rate among driver faults. 11 This type of study may need to be performed for different city "types". Vehicular size and speed also play significant roles. At the slower speed collisions that generally occur in urban areas, sports utility vehicles and trucks account for more significant injuries than cars and carry a higher mortality rate.
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As a single institutional study, one criticism is the contribution of co-morbidities to the ultimate outcome after a roadside pedestrian injury. Co-morbidities, in addition to age, certainly lead to worse outcome. The prevalence of co-morbidities among different age groups in our population should not vary too greatly from the greater population. Thus, although co-morbidities may contribute to outcomes, co-morbidities are inherent in all aging populations and thus still make our relationships valid. The fact that injury severity scores increased in the older population also further supports their poorer outcomes are likely due to more severe injury and not just comorbidities.
We found an increasing rate of the need for a rehabilitation center stay post hospital discharge as patients got older. These patients certainly have a temporary if not permanent loss of independence that places an additional burden on society. By understanding the factors that contribute to roadside pedestrian injuries in urban areas, we ultimately hope to contrive prevention strategies to help alleviate some of this burden on our healthcare system by a largely preventable problem. Further studies are needed to evaluate pedestrian and driver behaviors that are generally not captured in local registries. 
